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Abstract of JP91 29555 
PROBLEM TO BE SOLVED: To provide a 
plasma chemicai deposition device which is 
capable of preventing particles from mixing in 
a thin film to improve its quality when it is 
grown at a high speed, wherein the plasma 
chemical deposition device is used for 
manufacturing the thin film used for an 
electronic device such as a thin film 
semiconductor. SOLUTION: A substrate 
heater 3 mounted with a substrate 9, a 
reactive gas introduction tube 6, and a ladder 
inductance electrode 2 surrounded with a 
grounded shield 10 connected to an exhaust 
pipe 7 are arranged in parallel in a reaction 
chamber 1. The reaction chamber 1 is 
exhausted through a vacuum pump 8 to be as 
high in degree of vacuum as prescribed, then 
SiH4 gas is fed to the reaction chamber 1 
through a large number of discharge holes 6b 
provided to the reactive gas introduction tube 
6, and when a high-frequency power is applied 
to the electrode 2 from a high-frequency power 
supply 4 through the intermediary of an 
impedance matching device 5, a glow plasma 
discharge occurs to decompose SiH4 gas. 
SiH4 radicals included in decomposed gas are 
diffused over the substrate 9 to form a thin film 
on the surface of the substrate 9, and the 
produced particles grow larger in grain 
diameter and are discharged out through the 
exhaust pipe 7 as being carried on a flow of 
plasma, so that the particles are restrained 
from reaching to the substrate 9 arranged 
above a spot where the particles are 
produced. 
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(54) [Title of the Invention] PLASMA CHEMICAL DEPOSITION APPARATUS 
(57) [Abstract] 

[Problem] To prevent powder from being mixed into a thin film during high-speed 

film formation and to improve a quality of the film quality, concerning a plasma chemical 
deposition apparatus which manufactures a thin film used for electronic devices such as 
thin film semiconductors. 

[Solution] A substrate heater 3 mounted with a substrate 9, a reactive gas 

introducing tube 6, and a ladder inductance electrode 2 surrounded with a ground shield 
10 connected to an exhaust pipe 7 are arranged in parallel in a reaction chamber 1. 
The degree of vacuum in the reaction chamber 1 is made to be as high as predetermined 
by a vacuum pump 8, then a SiH* gas is supplied to the reaction chamber 1 through a 
large number of discharge holes 6b provided for the reactive gas introducing tube 6, and 
when high-frequency power is applied to the electrode 2 from a high-frequency power 
supply 4 through an impedance matching device 5, glow plasma discharge is generated 
to decompose the SM4 gas. SiH 3 radicals included in a decomposition gas diffuses 
over the substrate 9 to form a thin film on the surface, and the produced powder is 
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grown larger in powder diameter and are discharged into the exhaust pipe 7 with a flow 
in plasma, so that the powder does not reach the substrate 9 arranged in the upper side. 

[Scope of Claims] 
[Claim 1] 

A plasma chemical deposition apparatus characterized in that: 
a reaction chamber; 

a reactive gas discharge hole supplying a reactive gas into the reaction 
chamber; 

a reactive gas outlet discharging a reactive gas; 

a ladder inductance electrode for electric discharge arranged in the reaction 
chamber; 

a power supply supplying electric power for glow discharge generation to the 
ladder inductance electrode for electric discharge; and 

a substrate heater held in parallel at predetermined intervals with the ladder 
inductance electrode for electric discharge are included, 

and glow discharge is generated by electric power supplied from the power 
supply and an amorphous thin film is formed on a surface of the substrate held on the 
substrate heater for heating the substrate, 

wherein the reactive gas discharge hole is placed between the substrate and the 
ladder inductance electrode, and 

wherein the reactive gas outlet is arranged so as to sandwich the ladder 
inductance electrode with the reactive gas discharge hole, 
[Claim 2] 
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A plasma chemical deposition apparatus characterized in that; 
a reaction chamber; 

a reactive gas discharge hole supplying a reactive gas into the reaction 
chamber; 

a reactive gas outlet discharging a reactive gas; 

a ground plate electrode for electric discharge as an anode and a 
high-frequency plate electrode as a cathode which are arranged in the reaction chamber; 

a power supply supplying electric power for glow discharge generation to the 
anode and cathode; and 

a substrate heater inside the anode are included, 

and glow discharge is generated by electric power supplied from the power 
supply and an amorphous thin film is formed on the substrate held on a surface of the 
anode, 

wherein the substrate is divided and arranged at a predetermined gap on a 
surface of the anode, 

wherein the reactive gas discharge hole are placed in the gap as a path for the 
reactive gas, and 

wherein the reactive gas outlet is arranged so as to face the reactive discharge 
hole on a surface of the cathode. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] 

The present invention relates to a plasma chemical deposition apparatus 
(hereinafter called a plasma CVD apparatus) applied to manufacture of a thin film used 
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for various electronic devices such as amorphous silicon solar cells, thin film 

semiconductors, optical sensors, and semiconductor protective films. 

[0002] 

[Conventional Art] 

Two typical examples are described, concerning a structure of the plasma CVD 
apparatus which has been conventionally used in order to produce an amorphous silicon 
(hereinafter referred to as a-Si) thin film or a silicon nitride (hereinafter referred to as 
SiNx) thin film. That is to say, a method using a ladder inductance electrode as an 
electrode used for discharge generation and a method using a parallel plate electrode as 
an electrode used for discharge generation are described. 
[0003] 

First, concerning the method using a ladder inductance electrode, a plasma 
CVD apparatus using electrodes with various shapes as a ladder-like planar coil 
electrode is disclosed in Japanese Published Patent Application No. H4-236781. The 
typical example of the present method is described with reference to FIG 8. In the 
drawing, a ladder inductance electrode for electric discharge 2 and a substrate heater 3 
are arranged in parallel in a reaction chamber 21. High-frequency electric power of 
13.56 MHz, for example, is supplied to the ladder inductance electrode for electric 
discharge 2 through an impedance matching device 5 from a high-frequency power 
supply 4. One end of the ladder inductance electrode for electric discharge 2 is 
connected to the high-frequency electric power supply 4, and the other end is connected 
to a ground wire 20 and is grounded with the reaction chamber 21. 
[0004] 

High-frequency electric power supplied to the ladder inductance electrode for 
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electric discharge 2 generates glow discharge plasma between the substrate heater 3 
grounded with the reaction chamber 21 and the ladder inductance electrode for electric 
discharge 2, so that the glow discharge plasma flows toward a ground through the 
ground wire 20 of the ladder inductance electrode for electric discharge 2. It is to be 
noted that a coaxial cable is used for the ground wire 20. 
[0005] 

In the reaction chamber 21, a mixed gas of monosilane and hydrogen, for 
example, is supplied through a reactive gas introducing tube 26 from a cylinder which is 
not illustrated. The supplied reactive gas is decomposed by glow discharge plasma 
generated through the ladder inductance electrode 2. Then the reactive gas is held on 
the substrate heater 3, and is deposited on a substrate 9 heated at a predetermined 
temperature. In addition, the gas in the reaction chamber 21 is exhausted by a vacuum 
pump 8 through an exhaust pipe 27. 
[0006] 

Manufacture of a thin film by the above-described apparatus is described below. 
First, the gas in the reaction chamber 21 is exhausted by driving the vacuum pump 8. 
Then a mixed gas of monosilane and hydrogen, for example, is supplied through the 
reactive gas introducing tube (26) and the pressure in the reaction chamber 21 is kept at 
0.05 - 0.5 Torr. 
[0007] 

High-frequency electric power is applied to the ladder inductance electrode for 
electric discharge 2 from the high-frequency power supply 4 in this state, whereby glow 
discharge plasma is generated. The reactive gas is decomposed by the glow discharge 
plasma generated between the ladder inductance electrode for electric discharge 2 and 
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the substrate heater 3. As a result, radicals including Si such as SiFb or SiH2 are 
produced, and are attached to the surface of the substrate 9 so that an a-Si thin film is 
formed, 
[0008] 

Next, the method using a parallel plate electrode is described with reference to 
FIG. 9. In the drawing, a high-frequency electrode 32 and a substrate heater 33 are 
arranged in parallel in a reaction chamber 31. High-frequency electric power of 13.56 
MHz, for example, is supplied to the high-frequency electrode 32 through the 
impedance matching device 5 from the high-frequency power supply 4. The substrate 
heater 33 is grounded with the reaction chamber 31 so as to be a ground electrode. 
Consequently, glow discharge plasma is generated between the high-frequency 
electrode 32 and the substrate heater 33. 
[0009] 

In the reaction chamber 31, a mixed gas of monosilane and hydrogen, for 
example, is supplied through a reactive gas introducing tube 36 from a cylinder which is 
not illustrated. The gas in the reaction chamber 31 is exhausted by the vacuum pump 8 
through an exhaust pipe 37. A substrate 39 is held on the substrate heater 33 and 
heated at a predetermined temperature. 
[0010] 

A thin film is produced as described below by this apparatus. The gas in the 
reaction chamber 31 is exhausted by driving the vacuum pump. A mixed gas of 
monosilane and hydrogen, for example, is supplied through the reactive gas introducing 
tube 36, and the pressure in the reaction chamber 31 is kept at 0.05-0.5 Torr. Glow 
discharge plasma is generated once a voltage is applied to the high-frequency electrode 
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32 from the high-frequency power supply 4. 
[0011] 

The monosilane gas included in the gas supplied from the reactive introducing 
tube 36 is decomposed by the glow discharge plasma generated between the 
high-frequency electrode 32-the substrate heater 33. In the result, radicals including Si 
such as SiH 3 or SiH 2 is produced, and are attached to the surface of the substrate 39 so 
that an a-Si thin film is formed. 
[0012] 

[Problems to be Solved by the Invention] 

Both the methods applied to the conventional apparatus described above, that is, 
the method using the ladder inductance electrode and the method using the parallel plate 
electrode have following problems. 
[0013] 

(1) In FIG 8, a reactive gas, for example, SiH 4 is decomposed into Si, SiH, 
SiHb, SiH3, H, Hb, or the like, by an electric field generated in the vicinity of the ladder 
inductance electrode 2, and forms an a-Si film on the surface of the substrate 9. 
However, for attempting to form an a-Si film at high speed, if the output of the 
high-frequency power supply 4 is made higher, or if the pressure during film formation 
is made higher to 0.5 Torr-several Torr, powder, that is, many polymers such as Si 2 H 6 or 
SisHg are produced in plasma, and are mixed into the a-Si film formed on the substrate 9. 
As a result, the quality of the a-Si film is deteriorated because of deterioration of 
photoconductivity, occurrence of pinholes, or the like, and then application to solar cells, 
thin film semiconductors, optical sensors, and the like becomes impossible. 
Consequently, it was very difficult to improve film forming speed without deteriorating 
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film quality. 
[0014] 

(2) In FIG 9, a reactive gas, for example, SiH4 is decomposed into Si, SiH, 
SiH2, SiH 3 , H, H 2? or the like, by an electric field generated between the high-frequency 
electrode 32 and the ground electrode 33, and forms an a-Si film on the surface of the 
substrate 9. However, for attempting to form an a-Si film at high speed, if the output 
of the high-frequency power supply 4 is made higher, or if the pressure during film 
formation is made higher to 0.5 Torr-several Torr, powder, that is, many polymers such 
as Si2He or Si3Hg are produced in plasma, and are mixed into the a-Si film formed on the 
substrate 39. As a result, the quality of the a-Si film is obviously deteriorated because 
of deterioration of photoconductivity, occurrence of pinholes, or the like, and then 
application to solar cells, thin film transistors, optical sensors, and the like is impossible. 
Consequently, it was very difficult to improve film forming speed without deteriorating 
film quality. 
[0015] 

[Means to Solve the Problem] 

The present invention provides the following means in order to solve such 
problems. 
[0016] 

(1) The present invention provides a plasma chemical deposition apparatus 
characterized by including a reaction chamber, a reactive gas discharge hole supplying a 
reactive gas into the reaction chamber, a reactive gas outlet discharging a reactive gas, a 
ladder inductance electrode for electric discharge arranged in the reaction chamber, a 
power supply supplying electric power for glow discharge generation to the ladder 
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inductance electrode for electric discharge, and a substrate heater held in parallel at 
predetermined intervals with the ladder inductance electrode for electric discharge, in 
which glow discharge is generated by electric power supplied from the power supply 
and an amorphous thin film is formed on a surface of the substrate held on the substrate 
heater, where the reactive gas discharge hole is placed between the substrate and the 
ladder inductance electrode, and where the reactive gas outlet is arranged so as to 
sandwich the ladder inductance electrode with the reactive gas discharge hole. 
[0017] 

(2) In addition, the present invention provides a plasma chemical deposition 
apparatus characterized by including a reaction chamber, a reactive gas discharge hole 
supplying a reactive gas into the reaction chamber, a reactive gas outlet discharging a 
reactive gas, a ground plate electrode for electric discharge which is arranged as an 
anode and a high-frequency plate electrode which is arranged as a cathode in the 
reaction chamber, a power supply supplying electric power for glow discharge 
generation to the anode and cathode, and a substrate heater inside the anode, in which 
glow discharge is generated by electric power supplied from the power supply and an 
amorphous thin film is formed on the substrate held on a surface of the anode, where the 
substrate is divided and arranged at a predetermined gap on a surface of the anode, 
where the reactive gas discharge hole is placed in the gap as a path for the reactive gas, 
and where the reactive gas outlet is arranged so as to face the reactive gas discharge 
hole on a surface of the cathode. 
[0018] 

The present invention restrains an adverse effect of the powder in such a 
manner that the powder produced during high-speed film formation is prevented from 
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being mixed into an a-Si film and the direction of the flow of the reactive gas is made to 
flow from the substrate surface to plasma, that is, to flow to the discharge region by such a 
means. 
[0019] 

That is to say, in the conventional apparatus, the flow of the reactive gas faces 
the direction from a discharge region to a substrate, and therefore the powder whose 
particle diameter is grown into a visible light wavelength or more and particles 
aggregated with the powder are carried with the flow of the reactive gas to be 
discharged, and mixed into a thin film on the substrate, for example, into an a-Si film. 
[0020] 

In the plasma chemical deposition apparatus of the present invention, powder 
produced in the discharge region and particles aggregated with the powder flow in the 
counter direction against the substrate through the discharge region from the substrate 
with the flow of the reactive gas discharged from a reactive gas discharge opening, and 
discharged from the reactive gas outlet in both (1) and (2) by the means as described 
above. Therefore the powder is prevented from being mixed into the thin film of the 
substrate surface, for example, into an a-Si film. 
[0021] 

Because a SiHb radical forming an a-Si film is electrically neutral and has the 
pressure of about several Torr, the SiH3 radical reaches the substrate surface from a 
discharge region, which has the highest radical density, by discharge phenomena. 
Consequently, in the condition in which an a-Si film is formed at high speed at the 
pressure of 0.5 Torr-a several Torr, it becomes possible to form a high-quality a-Si film 
into which powder is not mixed. 
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[0022] 

[Embodiment Mode of the Invention] 

Embodiment modes of the present invention are described in detail below with 
reference to drawings. FIG. 1 is a structural view of a plasma chemical deposition 
apparatus of the first embodiment mode of the present invention. In FIG. 1, reference 
numeral 1 is a reaction chamber, and in this reaction chamber 1, a ladder inductance 
electrode 2 for glow discharge plasma generation and a substrate heater 3, which holds 
the substrate 9 and controls the substrate temperature are attached. In addition, a 
reactive gas introducing tube 6 with a reactive gas discharge hole for introducing a 
reactive gas to the periphery of the above ladder inductance electrode 2 is arranged in 
the chamber 1. 
[0023] 

Reference numeral 4 is a high-frequency power supply connected to the ladder 
inductance electrode 2 through an impedance matching device 5, and supplies electric 
power whose frequency is 13.56 MHz, for example, to the above ladder inductance 
electrode 2. 
[0024] 

Reference numeral 10 is a ground shield, which controls electric discharge of a 
portion where the electric discharge is not needed. The ground shield discharges a 
SiH4 gas made into plasma through the above ladder inductance electrode 2 after being 
introduced through the above reactive gas introducing tube 6, produced powder, and the 
like, through an exhaust pipe 7 to be hereinafter described, by being combined and used 
with the exhaust pipe 7 and a vacuum pump 8 to be hereinafter described. 
[0025] 
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FIG. 2 is a perspective view of the ladder inductance electrode 2 used for the 
plasma chemical deposition apparatus in FIG. 1. The ladder inductance electrode has a 
structure in which plural conductors are connected on the input side and on the ground 
side of the high-frequency electric power as shown in the drawing. 
[0026] 

FIG 3 is a perspective view of the reactive gas introducing tube 6 used for the 
plasma chemical deposition apparatus in FIG. 1. The reactive gas introducing tube 
consists of plural tubes 6a, and has many reactive gas discharge holes 6b in each of the 
tubes 6a. The ladder inductance electrode 2 shown in FIG. 2 is placed in parallel with 
this reactive gas introducing tube b. 
[0027] 

A substrate 9 is placed on the above substrate heater 3. As hereinafter 
described, a SiH 3 radical existing in SilU plasma generated in the ladder inductance 
electrode 2 diffuses by diffusion phenomenon and adsorbs to the substrate 9, whereby 
an a-Si film is deposited. 
[0028] 

Reference numeral 7 is the exhaust pipe as described above, which discharges 
the reactive gas and the powder by being combined and used with a ground shield 10 
and a vacuum pump 8 to be hereinafter described. Reference numeral 8 is a vacuum 
pump, which discharges gases such as a reactive gas in the reaction chamber 1 through 
the above exhaust pipe 7. It is to be noted that pressure in the reaction chamber 1 is 
monitored by a pressure gauge, which is not illustrated, and is controlled by adjusting 
displacement of the above vacuum pump 8. 
[0029] 
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Next, a method of forming an a-Si film by a apparatus of the first embodiment 
mode having the above structure is described below. First, the gas in the reaction 
chamber 1 is exhausted by activating the vacuum pump 8 so that the ultimate vacuum is 
2-3xl0" 7 Torr. 
[0030] 

Next, a reactive gas, for example a SiFL* gas is supplied at the flow rate of 
about 30-100 cc per minute from the reactive gas introducing tube 6. While the 
pressure in the reaction chamber 1 is kept at 0.2-2.2 Torr, high-frequency electric power 
is supplied to the ladder inductance electrode 2 through the impedance matching device 
5 from the high-frequency power supply 4. Then glow discharge plasma of SiFL* is 
generated in the vicinity of the above ladder inductance electrode 2. This plasma 
decomposes the SiEL* gas and forms an a-Si film on the surface of the substrate 9. 
[0031] 

During formation of the above a-Si film, polymers such as SiaHe or Si3Hg, that 
is, powder is produced in S1H4 plasma. The powder is grown into a visible light 
wavelength (0.4-0.8 fim) or more in particle diameter, and therefore is discharged 
toward the exhaust pipe 7 with a gas flow in the above plasma. That is to say, the 
powder cannot reach the substrate 9 because the substrate 9 is placed in the upper side 
in terms of the gas flow. 
[0032] 

On the other hand, a SiH3 radical forming an a-Si film diffuses also in the 
opposite direction to the flow by diffusion phenomenon because the concentration is 
high in the vicinity of the ladder inductance electrode 2. As a result, a high-quality 
a-Si film without powder is formed on the surface of the substrate 9. 
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[0033] 

FIG. 4 is experimental results of the first mode of the present embodiment, and 
shows a variety of characteristics in the case where the pressure is varied from 0.2 to 2.2 
Torr in the condition that a flow rate of a SiH 4 gas is 100 cc per minute and that an 
output of the high-frequency power supply 4 is 100 W. Reference signal (a) is the 
experimental result of the pressure dependence of the film forming speed, reference 
signal (b) is the experimental result of the pressure dependence of the reflectivity, 
reference signal (c) is the experimental result of the pressure dependence of the 
photoconductivity, and reference signal (d) is the experimental result of the pressure 
dependence of the dark conductivity. According to these pieces of data, it can be 
interpreted that the effect of powder mixing was not found in each piece of data even if 
the pressure is increased to 2.2 Torr. It is to be noted that reflectivity of an a-Si film is 
3.2 or less in the case where powder is mixed into the a-Si film, but the data of the 
present experimental result (b) is higher than this. 
[0034] 

FIG. 5 is a structural view of the plasma chemical deposition apparatus of the 
second embodiment mode of the present invention. In FIG 5, reference numeral 11 is 
a reaction chamber. In this reaction chamber 11, high-frequency electrodes 12a and 
12b for generating glow discharge plasma and a ground electrode 13 holding substrates 
19a and 19b are arranged. It is to be noted that the above high-frequency electrode 12 
and ground electrode 13 constitutes a pair of parallel plate electrodes, and once electric 
power is supplied from the high-frequency power supply 4, glow discharge plasma is 
generated. 
[0035] 
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Inside the ground electrode 13, a reactive gas introducing tube 16 is arranged, 
and also inside the high-frequency electrode 12, an exhaust pipe 17 is arranged. The 
above exhaust pipe 17 is connected to the vacuum pump 18, and discharges the gas in 
the above reaction chamber 11. 
[0036] 

Reference numeral 4 is a high-frequency power supply, which supplies 
high-frequency electric power, for example, electric power of 13.56 MHz to the 
high-frequency electrode 12 through the impedance matcing device 5. Reference 
numeral 40 is a ground shield, which controls unnecessary discharge. Reference 
numerals 14 and 15 are the first and second dielectric materials respectively, and 
electrically isolate the high-frequency electrode 12 from the reaction chamber 11. 
[0037] 

It is to be noted that pressure in the reaction chamber is monitored by a 
pressure gauge, which is not illustrated, and is controlled by adjusting displacement of 
the above vacuum pump 18. 
[0038] 

Next, a method of forming an a-Si film by an apparatus of the second 
embodiment mode of the above structure is described below. First, the gas in the 
reaction chamber 11 is exhausted by activating the vacuum pump 18 so that the ultimate 
vacuum is 2-3 xlO" 7 Torr. A reactive gas, for example, a SiH 4 gas is supplied at the 
flow rate of about 30-100 cc per minute from the reactive gas introducing tube 16. 
[0039] 

While the pressure in the reaction chamber 11 is kept at 0.2-2.2 Torr, electric 
power is supplied to the high-frequency electrode 12 through the impedance matching 
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device 5 from the high-frequency power supply 4. Then glow discharge plasma of 
SiH 4 is generated between the ground electrode 13 and the above high-frequency 
electrode 12. This plasma decomposes the SiH4 gas and forms an a-Si film on the 
surfaces of the substrates 19a and 19b. 
[0040] 

During formation of the above a-Si film, polymers such as Si2H6 or SisHg, that 
is, powder is produced in SiFL* plasma. The powder is grown into a visible light 
wavelength (0.4-0,8 jum) or more in particle diameter, and therefore is carried out 
toward the exhaust pipe 27 with the gas flow in the above plasma. That is to say, the 
powder cannot reach the substrates 19a and 19b because the substrates 19a and 19b are 
placed in the upper side in terms of the gas flow. 
[0041] 

On the other hand, a S1H3 radical forming an a-Si film diffuses also in the 
opposite direction to the flow by diffusion phenomenon because the concentration is 
high between the above electrodes 12 and 13. As a result, a high-quality a-Si film 
without powder is formed on the surfaces of the substrates 19a and 19b. 
[0042] 

Experimental results of the second mode of the present embodiment is almost 
same as those of the first mode of the present embodiment shown in above FIG 4, 
however, the film forming speed was a little lower than the data of the first mode, and 

o 

the maximum speed was 5 A/S. 
[0043] 

FIG 6 is a view taken along arrows A- A in FIG 5. Reference signal (a) 
illustrates an example in which a reactive gas introducing tube 16, which is opened 
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between the substrates 19a and 19b has a slit-like shape. Reference signal (b) 
illustrates a state in which plural tube-shape introducing tubes 16a are arranged* 
Reference signal (c) illustrates a state in which four substrates of 19a, 19b, 19c, and 19d 
are arranged and many reactive gas introducing tubes 16b are opened among the 
substrates. 
[0044] 

FIG. 7 is a view taken along arrows B-B in FIG 5. Reference signal (a) 
illustrates a state in which an exhaust pipe 17 is opened with a slit-like shape between 
two pieces of the high-frequency electrodes 12a and 12b. Reference signal (b) 
illustrates a state in which four pieces of high-frequency electrodes of 12c, 12d, 12e, 
and 12f are arranged, and the exhaust pipe 17a is arranged among the electrodes. 
[0045] 

According to the first and second embodiment modes described above, in the 
plasma chemical deposition apparatus, the direction of the flow of the reactive gas is set 
from the substrate surface to the plasma, that is, the discharge region while powder 
produced at the time of high-speed formation of an a-Si thin film is prevented from 
being mixed into the substrate 9 or 19, whereby adverse effects of the powder are 
controlled. That is to say, in the conventional apparatus, the reactive gas flows in the 
direction from a discharge region to a substrate, and thus powder whose powder 
diameter is grown to be a visible light wavelength or more and particles aggregated with 
the powder are carried with the flow of the reactive gas to be discharged and are mixed 
into the a-Si film on the substrate. 
[0046] 

On the other hand, in the first and second embodiment modes of the present 
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invention, powder produced in the discharge region and particles aggregated with the 
powder are discharged from the substrate 9 or 19 through the discharge region in the 
counter direction against the substrate 9 or 19 with the flow of the reactive gas 
introduced from the reactive gas introducing tube 6 or 16. Therefore the powder is 
prevented from being mixed into an a-Si film of the surface of the substrate 9 or 19 
during film formation. 
[0047] 

Because a SiH 3 radical forming an a-Si film is electrically neutral and has the 
pressure of about several Torr, the Sifb radical reaches the surface of the substrate 9 or 
19 from a discharge region, which has the highest radical density, by diffusion 
phenomena. Consequently, in the condition in which an a-Si film is formed at high 
speed at the pressure of 0.5 Torr-several Torr, it becomes possible to form a high-quality 
a-Si film into which powder is not mixed. 
[0048] 

[Effect of the Invention] 

As described in detail above, the plasma chemical deposition apparatus of the 
present invention realized placement of a substrate in the upper side of the gas flows of 
reactive gas supply from the reactive gas discharge hole into the reaction chamber and 
of reactive gas discharge from the reactive gas outlet out of the reaction chamber, and 
realized arrangement of a discharge region of the reactive gas in the downward side. 
Therefore powder produced and grown in plasma is not mixed into an a-Si film on the 
substrate. 
[0049] 

As a result, it became possible to prevent deterioration of the film quality due 
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to powder mixing into an a-Si film during high-speed film formation of the a-Si film, 
which has been thought to be difficult. Consequently, the industrial value was 
remarkably expanded in the field of manufacture of a-Si solar cells, TFT liquid crystal 
displays, a-Si optical sensors, and the like. 
[Brief Description of the Drawings] 

[FIG 1] A structural view of a plasma chemical deposition apparatus of the first 
embodiment mode of the present invention 

[FIG 2] A perspective view of a ladder inductance electrode of the plasma chemical 

deposition apparatus of the first embodiment mode of the present invention 

[FIG 3] A perspective view of a reactive gas introducing tube of the plasma chemical 

deposition apparatus of the first embodiment mode of the present invention 

[FIG 4] Characteristic diagrams obtained in the plasma chemical deposition apparatus 

of the first embodiment mode of the present invention; reference signals (a), (b), (c), 

and (d) illustrate respectively film forming speed, reflectivity, photoconductivity, and 

dark conductivity 

[FIG 5] A structural view of a plasma chemical deposition apparatus of the second 
embodiment mode of the present invention 

[FIG 6] A view taken along arrows A- A in FIG 5; reference signals (a), (b), and (c) 
illustrate respectively arrangement of two substrates and a slit-like reactive gas 
introducing tube, arrangement of two substrates and plural tubular reactive gas 
introductions and the like, and a state in which four substrates are arranged and a tubular 
reactive gas introducing tube is arranged among the substrates 

[FIG 7] A view taken along arrows B-B in FIG 5; reference signals (a) and (b) illustrate 
respectively arrangement of two pieces of high-frequency electrodes and an exhaust 
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pipe and arrangement of four pieces of high-frequency electrodes and an exhaust pipe 
[FIG. 8] A structural view of a conventional plasma chemical deposition apparatus 
using a ladder inductance electrode 

[FIG. 9] A structural view of a conventional plasma chemical deposition apparatus 
5 using a plate parallel electrode 

[Explanation of the Reference Numerals] 
1, 11 reaction chamber 

2 ladder inductance electrode 

3 substrate heater 

10 4 high-frequency power supply 

5 impedance matching device 

6, 16 reactive gas introducing tube 

7, 17 exhaust pipe 

8, 18 vacuum pump 
15 9, 19 substrate 

12a, 12b, 12c, 12d high-frequency electrode (cathode) 

13 ground electrode (anode) 

Continued from the front page 
20 (51) Int. CL 6 Identification Symbol JPO File Number FI Basis for Classification 
H01L 21/285 H01L 21/285 C 



21/21 



(l9)0#B4$fFfr (JP) 



& M 4$ £t ca> 



#HS ¥9 -129555 

(43) B 9 ¥ (1997) 5 £ 1 6 B 



(51)IntCL 6 
HO 1 L 21/205 
B 0 1 J 19/00 
19/08 
C 0 1 B 33/02 
C 2 3 C 16/50 



F I 
HO 1L 
B 0 L J 

CO IB 
C 2 3 C 



21/205 

19/00 

19/08 

33/02 

16/50 



L 

H 
D 



*st# m$tm<D&2 ol & s h) mxm\zm< 



(21)fflK## fftRsp7 -278890 


(71) USA 


000006208 












(22)tfl«a ¥JE£7^(1995)10^26B 




JKSSmS ffl KjtLOfi ~T S 5 ■ 


mm 




(72)SSWtf 


ttffi IBS 








eWWSiW 5 TB717# 1 ^ 














(72)58M# 


trrt jus 








mimmmn 5 TB7i7# i n 


=MSJ1 












(72)fS9i# 










&tmmmtti 5 TS7i7# i # 














(74)ft3A 







(54) immozm ^x^^wsmm. 

(57) [8K] 

[»ft*ll!] KJS^Ss 1 9 SrBtf+ttfcSSJn 

fcft, 6 ©#*©Bfctti?L 6 b <fc S i H 

7x-rtt«iiS36^L, siH, 




2 jtr-j-jfvf'-jT.im 



1 

-o-y^^y^s^t, wmmmyv— 

«P ^tbfcStSftPf^ffl t-!?tWL, ffi|B«£ift>t > 0l& 
t huIE 7 ^- -f v y * * >- * WI t © Pel \zMM. 

tt*&1-^SSS^^n±W?Li. RJStf^fcgMJt-SRJStf 
*#iil?Li:, lWIE5J£»»rttHMii:U-CE«$ixfctt 

fiiaiiffisamffii-^D-aBis^fflS^^tt^i-^* 20 

@f LTESft. ia]RHHcRJ£;tf 
iLTfflrEEJS^etW?LSrKlli-5i:i:t)K:. SWES 

xmm Lferi^»t«/7 x-^-f 

[0 0 0 1] 30 

4rf5) KiHi-5.- 
10 0 0 2] 

lft*Oft*l 7t*77^v'!l3>' (SIT, a-S i 

ittt) *Bt^»Sfts/'J (WTS iNxtEt) * 

CVDUBWfSf&iCO^T, 2o©ft*WfflfcoV*Ttll 40 
BP*,. SMt*£fcfl3v3Wii:LT, 7^— < 

[0 0 0 3] 4-f, 7*W ^^^^^tft^lv^ 
ifrffilCoVTIi, WBS¥4-2 3 6 7 8 

t-* 3 tjjsspffKjagstiT^s. flcmffl7^-^ry 50 



#W¥9 - 12 9 5 5 5 

2 

y?*>*W£2tt:tt, ilMtil4A>Wyf-^ 
*ffi£3§5£?>LT, ftlxJf 1 3. 56MHzWiS|^jg 
£ ft 5 . Mffl^y-^^^?^ tttl 2 
14, -JB*Si«SjRfll|[4KSiHES4tTj3 9, fl&SliT- 

^*2 0jcfia*six. 5rs^S2 1 t't h^mmznx 

[0 0 0 4] ^«ffl y $ 2 (df&jg 

2 4r©flBt^D-»l;7*7X-9'SrjS4**, WM.m ¥ 
— f ^>*IHf 2 (D7-*B2 0 £^LT7-7. 

fflv^ftTv^,, 

[0 0 0 5] lftClti, H^L^I/^V^^ 

^S^*'^^A1 C 2 6 £»LT, «ilJ*y->7^f:7k 
3(efc<o»-fr^^3fts#Et&*tL5. «6£ftfcRJS#*fl 
WiMy ¥—4 >¥ $ $i/7>W(&2 \z.£ DSS^L/c^p 

tfltitSft, M£©aSfcto*Sftfc**9±»::iS8W- 

5. RJS£3s2 lrt©7y^fi, 2 7£iIL 

[0 0 0 6] ±l££Ett£fflvTfr5lEI]llroSligf£ov 

JS*«2 lrt**ftLfc«, RJ&tf^AW (2 6) & 
iILT, flitf. ^/->7>'i*3!l£ro?jS£#x£«S 

L« R£2g3&2 1 ftWJE^SrO. 05~0. 5Torr 

[0007] z.<Dvtmx\ is,m®.nM4fr<t>wiw.myy 

5^B-»f^7|:j:or»gSft, rott*, s 

iH, , SiH> ftir'OS i ^ir^v^A^fg^U 
Sffi9*B5^#3)lfL-Ca-S i »Ut*s^*ft5. 

[0 0 0 8] W¥*g*l£J ; SV^£i£|c:-oVT 
0 9fcJB^TlMH-5. iifti^t, RJfc*«3lrt 
(Cf±, fl5^ft*S3 2 t*te*DSIifflt-^ 3 3 tasqzfT 

frt>4>i?—!f>x&'&&5£frLXWx.&l 3. 5 6 
MH zC0iftJliStt7J^«^^ft5„ »lit-^3 

Tv>5„ l/c^ot, &m$.mm3 2 tmrnismftt- 

[0 0 0 9] R&8S3 lrtfcttB*L*V*#i"<jl»fc 
SJ^^^^At 3 6 Srii UT^Jxtt'^e / ->7 ^ kfrm t 

3 911 SffiJPSRfflt-^3 3±Kfia*Sil, BfJ£«Dffl 
[0 0 10] CWgB?rfflV, ^T^J:5^LT*K$r 



3 

0. 0 5-0. 5 T o r r l^t), ^jHftfl;aS4/j^ffl 
JSi£tt5<3 2fcttjEE£EW-5 fc, :/p— JMt7*7X-v 

[0 0 1 1 ] R(S^^WAff3 6 S*Lfc#*» 

5*>, */->7>-^^f±ifiJiliS«fii3 2~ais»fflt 

-*3 3|BK:ii:5^P-*k*7 r 7Xv^ < toT^»* 
ftS. ^W^S, SiH, , Sift fcfWS i fc^tf 10 
S1S3 9$ffil:ftfLT, a-Si 

[0 0 12] 

[0013] Cl) Si 8 (C&I^T, 7^ — <y#tf>> 

iH< ttSi, SiH, Sift , S i H 3 , H, H* 20 
*if{-»»*lx, S*£ 9 co*B!c a - S ifll^JBrici- 
5. La>Lfc#e>, a-S ifl6gj$0ffi£fc&BISfc 
ft, iiiJi 4 Wffl Lfc!K ffcBBfrOff* 

£0. 5Torr~ftTorrl:I<t5i:, 7*7^ 
■^T't&x 1"<C*P*>, Si: H. ^S ia Hs fttfntfy 
U Sfi 9 \Zf$,m£ftZ> a - S i KttS 
a-S iBttt****©®!^^ 

[0014] (2) HI 9 fcjol^T, iSJI&HfS 2 £g& 

ifettffia 3 iolwt*4i-5«*tJ:9» RJS#*, « 

x.fiS i H< li S i , SiH, S i Ha , S i H> , 
H, H* ^i'lC^^tt, £«9ro*BI-a-S iM 
l^Uctffc, a-Si KH?j$roffigft:* 

<D!£t)i0. 5Torr~«Torrtit<t5!:, 
7XvtT^, 1-<ti3*), Si, H* ^Si, H„ 4 if 
0#y-^-«s*«»4l^ *4E3 9KBfcDt*tt5a-S 40 

i RKSA-ra. t^s, a - s i gififtwm^offi 

tr £ 9 £ Jttf¥ KISTl, 

Jt*l*9±S*5r4:tt#ff|cfflJtT*»ofc. 
[0 0 15] 

[0 0 16] (l) KJfc&Sgi:, |plEi£:**rtfcEJ£# 



8119- 12 9 5 5 5 

4 

t?>7'7X-7ft^If|litfc^T l BMBEJ£#;*ti:ttl 

tl t T'sutfi 7 -f yf? $ yxmm&mttmc&,w u 

fcwi:«:W»4-*-S7"7 X^t«t^B£{^fc1--5„ 
[0 0 17] (2) It, KJCg»£. RISJ£**rtK 

fi * ixfctt«ffl <0g%?:K*lf 4: * 5 HE JS«¥ 

4U ISII»1i*iBlc3C«r*^fca«±t*fliW»K*» 

[0 0 18l*3SW(±C©J:5 4*ftKJ:5, ffiSAK 

T, KJSTy^wafcno^iSiSr, StRSS^^jSttt, 7°7 

[0019] sficgtta, sis^©aE 

tfK, SS±W*H, W^.tfa-S i«tftA-f5. 

[0020] xftwtoT'v x-?it¥%mmnr'^ mm 

©J:5ft#ati0 (i) . (2) roi^-fihicfc^-cfc 
a-Si R^roffioaA^RJt* ix5. 

[0 0 2 1] a-Si K£rflM"f 5 S i H 3 7 v?#/Mi 
WT% SiH., 7i>*A'**^*'{>BiV>«rttffl«*»bti: 

0 . 5 T o r r ~$tT orrOa-Si iSig^^frlCl 
*5V^T, tt©jRAL4V^iliftlta -S itWf&tfi^mt 
<C5, 



5 

[0 0 2 2] 

l%W<Dmn&r>ftm] JUT, 

xmrn^m^^x^wmz-mmt^. m 1 itt&mnm 

lrt(a±y'n-fe*7 B 7^V£3g££it5fc*07^- 
-f * y *mm 2 t ££ 9 Z%ft1r 5 i *Kaffio 

l rt(ci±S)j;^x^±|a7 r >^ ^>^ts 2 
ifl£*A1-*K£:tf *i£ffl?Ltt£©K£#*9A* 6 # 10 

[0 0 2 3] 4ii-T ytf-^Vxfi-g-fgs ^^Lr^y 

9, flaj^Lti, SStl3. 5 6MH zOS^SrilE?^ 
[0 0 2 4] 10 Ii7-X v— ^ 9 s ^F&^ftgfS 

2T-7"7X^-fb^tbfcS i Hh #*£tJ<3g£Lfct&frif 20 
[0 0 2 5] H2liBlfc:fctt57'7X-rfe^arS« 

[0 0 2 6] E3ttmfcfcMt3:/?X^fc¥3!S5i8* 

H2(i-(DSJS^^*A i l : b £¥fir»::Ra*;h.TH5. 30 
[0 0 2 7] ±|SS«t-^ 3 fcttSffi 9 jWRJESftT 

£$*u5SiH, 7"7X-7C7)4«^#ft-t- 5 S i H 3 7 is 
# X. <9 t&k L , (R*-f 5 r £ ic ± o a - 

s i wwvm+z. 

[0 0 2 8] UttnvtfOi.oKW^X'h'O, T-x~> 
7ft^LTfi|£tH-r5 0 ft:fe\'»6g»ll*J©JEaHU El 40 

5 r t id j: <o mm s . 

[0 0 2 9] ±C*fiK09Httomi^tSoS(B«: 
flKa-Si Kfc»fls-r5#«fefco^T&TfcK9l-*- 

IL, §lMK£Jt£2~3 X 1 o" T o r r i-T5 0 
[0 0 3 0] E£#**Atf6J:9R(i;;t/*, 01] 

Xf2\ SiH< #x£, 3 0~100c c/^SS©t 
aT'#t^t"-5„ RfS^gglftWlI^O. 2-2. 2T 
o r r {£&-<b ft £5JS&®E4 Vf-^VX 50 



#M¥9 - 12 9 5 5 5 

6 

K-Q-3& 5 S:^ LT 7 f V**? * v^il 2 

fl:^Sr«if&-r5t, ±ffi7^--r>-^^^yxi:li2ro 
EfCSiH., ro^c— S!ta:7'7Xv*s^-t-5o rco 

/JXvli, SiH.^^lSU affi9cD^ffi|da 
-S 

[0 0 3 1 ] ±|E a - S i fiStflMKfcl^T, SiH< 7° 7 
(0. 4~0. 8/jm) KLtKfifcftLTVSWC', ±|E 

7"7X-rrtcoif x©sw;iot»sf 7 $ 

[0 0 3 2] •fife*, a - S i flS£ffM-f5 S i Hi 7 v> 

[0033] 04 tt*$ifc<z>$ 1 mmT'<nmmm%X'h 

*), SiH. 0 0c c/^, S5^«^4© 

tti^jl 0-0W<O*#T, ff*S:0. 2~2. 2Torr 
taEft**fc»^©«-aW4Sr*LT*S9, (a) fi^fe 
KSdr. (b) fiflSr*, (c) lijtW**, (d) tt 

Of-^ia5t> J±^^^ft:$*, 2. 2Torr* 
-C-i*i< L-Cb^-ftb<Or->?t>^ro^A{-<t5^{4^. 

-SiI©fflff$B3. 21UTi:*5i!, 
(b) T'(Ox-^(4rtLj;i? fci65< ftoTV^S,, 
[0 0 3 4] l2 5(±*S0J(D^i!ffi<7)^2^(c:#57 p 7 
X-efti¥«3»ailtO#ritBl't?fca. H5fcd3U^. 11 
ttaS*»-e&!)» roRjSS^i lrt(c{4, ^P-ift 
«7*7X-^S:^*-fr5fc*roil5J^jfiS;«ii 2 a, 12 
biMi9a, 1 9 b 1 3 riSfHS 

^tvTV^„ ft*5, ±f5iS!JljS«S 1 2 irttttCSl 3 

[0 0 3 5] SflSWSl 3CDrtgi5(d|±, SJS^^^At 
1 6*SEK**t, iS^SSSffil 2»»tt»^ll 7 
*SEfi^tvTVN5 0 ±IES^i : l 7liK^#>-7°l 8IC 

[0 0 3 6] 4 ttiis^jgEsaST, ■< 

3. 5 6MH z <Dm,fiZm&-f 5. 4 0(iT-Xv'— /U 
KT\ ^»ft»«**|HW-r5. 14W1 5»4, -ett 
jg l RXtm 2 o««»»H-e, iSM^WIi l 2 4: 

[0 0 3 7] ftfc, RJt^SrtrojEAtt, m^Lftl^BE 



(5) 

7 

[0038] m^. -tj£# j&»*«j<75ig 2 mm^mm^ 

X^y^i 8&f5t«£-^ KfcSSi it*i£# 

SaU ?IJit*^JS^2~3 X 1 0" 1 To r r ir-fSo R 
J^if^^Atl 6 0J;tl4\ SiH, #x 

.30-1 ooc c/^agE^i-ett^i-s. ..... ■' 

[00 3 9]^Sl IF*3»JEM0. 2~2. 2T 

0 r r ic&htefrbfoffl&mmifrbj 

fgffittffil 3 i:±iaiftJi!S«ffil 2<DiaiCS i H, (73^ 10 
a-Ji!t/7Xv*itt5 0 ZKDT^X^ftS i H, 
^^Sr53-ft?L, Sffil 9 a , 1 9 b (D*ffili a - S i ffil 

10 0 4 0] ±Iga -S i «Mt*5V^T, SiH, ~fy 
X^fKUatS i, H* i, Hi ft ifcDzK !J v— + 

(0. 4~0. 8(im) ^±{C)5S;fiUTS<>5C)-C, ±.15, < 

t*j3%, Ifil9a, 1 9 bfct#*<Djjlt;h/t- 
jL*fc, ±«flKcfegLT^?.<7)T% $(4&«1 9 a, 20 

1 9 iijjgt?£fcv\, 

10 0 4 1] a - S i KS:JBj*-f 5 Sift 7 5? 

1E1S12, 1 3 ©IW^©jft£;*SiS5l^«9 

T% aiT.»cifie,oft*iSi'>-tltik?a*fiJ:94t1B!U-Cv^ 
<„ ^OSS^S^l 9 a , 1 9 b<OSffi£rt:t&0>&V>£5 

■an© a - s i mtm&ztiz. 
[0042] *nmtofii2mwi\zi3rt5mi!i&skk lx 

\±mm<r>m 4 \^-tmm<r>m 1 ^ t t -e*> 6 

^^tiBl^M^T-* J: S*5 

A/ST'fcofc„ .30 
[0 0 4 3] ®6»i®5(Cj3rj-SA-A^ia-C*fc9, 
( a ) 19a, 19b fSfcUft Lfc^fS^^^A 

ffi ea^y ? h#ti:/jeoT:v^«**u (b) »±# 

1 6 a Sr. (c) f4S&#l 9 a, 1 
9b, 19c, 1 9 d t4ft*5ffift$tl, -tne>©KJ- 

[0 0 4 4] H7ttl2l5iC*5H-5B-B*|aiaT'fc l P, 
( a ) II 2&«0iSJ!i&mffi 12 a , 12b ©KCftStf 
1 7#*y y N^ICMP LTl>5ttJBSr» (b)HffiJl 40 
SIK12C, 12d, 12e, 1 2 f C04ttt 
*tfe<DMU*ft* 1-7 a %:E*Lfctt1»«r*UtW^5. 
[0 04 5] &>±JSmnmita)9S i , *2JKMIKJ:^ 
I4\ ^7X-7ft^*^E(c*JV>T, Sl£9Xf4l9lC 
a-S i»K«:Sij£faaii-5«Ft384i-5»*a-S i 
8f 4><;:jgA£ii-ft^J; 5 K LT, fci&tfxolfctioljiti) 



#P¥9 - 12 9 5 5 5 

8 

S i ItlALt^S, 

[0 0 4 6] dfLtftU 1 , %2% 

tt, KJ&#*^Af 6X141 6a»f>#A$ii5RJi;;tf* 
KsxiiisiUiS^^s^tRi^tliStLSfio -c$Jli§ 

ts« 9Xf±i9 a-si m-oM(ouxtm± 

[0 0 4 7] a -S i S i H, 7C?#/H4 

<7>t\ SiH, 7-^*^a^*tsv^mffliiE^e3tiA 

A^oT, flE^O. 5 T o r r ~$cT o r r CD a — S i (5 
[0 0 4 8] 

■L*«©ai*] sub, ftfrwtiiiWLfcipfc, **9§ 

£te±W a - S i Uft < ft ofc. 

[0 04 9] ^3ttffli6m^nTV^fc a-Si 

IMSiSfifcRl*© a - S i R©»jBA^ff 5 itRrofiTii 

K-ltBltgiftofc Lfc#ot\ a-Sitlt», T 

[0 2] 7 X-r^lK 

[B4] *3SMw*16«?ISlJB*Cffi57'9X^b*l!5 
*K«-e«6iifc4*ttH^ (a) iifiSBfiifiE. (b) 

listiT*, (c) immmm, <d) nit*****!! 
[bis] *%m<Dnm<o%2Mm\mz>7'7x-?fc¥m 

I@6] ®5|CliJft5A-A^ffig|-C\ (a) (4 2fe<7) 
Stet^JJ -y NttroSJ^^^^A^coEg^, (b) (4 
2^©S«ittt^#icwS^^^^A^^gas*x 

[1217] B5lc:ioltSB -B^ftif, (a) I42fe<7) 



(6) 



$fffl¥-9- 1 2 9 5 5 5 
10 









5 


4 yt D 












[El 9] ^S^ftffSlfS^ffl^t^^Xv 




6, 16 




















7 , 17 




1 , 11 






8, 18 














2 






9, 19 








10 


12a, 12b, 12c, 1 2d 




3 






mm mm) 










1 3 




4 






m (mm) 






[mil 




m2] 





J io 





2 ?*T-4rt99*j7mk 



[03] . 
6b ^Sfc^&ttfHL 



[115] 



[3 ftteWfc 







15 


5 













fl 

I 




¥9-129555 



tab- 



^d - 

I2e- 



IB 7] 



(a) 

171*** 



-AO 



ib) 



7a 



- 12c 
-J ---40 



✓I2f 



ims] 




(8) 



#ffl¥9-l 2 9 5 5 5 



im9) 



36 

S 



31 



33&*£ito&ffl 



39 



37 




32 



6 



5 



(51) Int. CL 6 /xrtSSS^ FI 

H 0 1 L 21/285 H 0 1 L 21/285 



C 



